INTRODUCTION
DNA from representative strains of Fusobacterium nucleatum subgroups Fn-1, Fn-2 and Fn-3 was digested with restriction enzymes EcoRI and TaqI and the electrophoretically separated fragments hybridized with a 32p-16S rRNA gene probe from E. coli. The rRNA gene restriction patterns from DNA digested with either enzyme allowed the clustering of strains into the three subgroups. However, TaqI digested DNA yielded a wider distribution of taxonomically useful bands (ca 0.65 + 14.3 kbp) and the pattern produced was characteristic of each subgroup. The present method is a simple and reliable means of identifying the three subgroups of F. nucleatum and provides a useful method for further studies of the heterogeneity of F. nucleatum.
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Fusobacterium nucleatum forms part of the normal flora of human dental plaque and the mucous membranes of other sites but is increasingly recognised as an important component of anaerobic infections [1, 2] . Because of its nonfermentative metabolism, carbohydrate fermentation reactions are of little value for its identification [2, 3] and several new methods have been introduced [4] [5] [6] [7] . In a preliminary study, we reported the value of glutamate dehydrogenase (GDH) as a diagnostic marker for the genus Fusobacterium and showed three GDH electrophoretic patterns within the three human F. nucleatum isolates studies [8] . Another enzyme involved in glutamate catabolism, 2-oxoglutarate reductase (OGR) was recently demonstrated in all species of the genus [9] . Furthermore, the application of both GDH and OGR electrophoretic analysis to more than 30 human, oral isolates of F. nucleatum showed evidence for three subgroups (designated Fn-1, Fn-2 and Fn-3) within this species [10] .
Recently, patterns of restriction fragments which hybridized with labelled ribosomal-RNA (rRNA) from Escherichia coli have been used to fingerprint bacterial strains [11] [12] [13] . Since some rRNA sequences are highly conserved during evolution, a single probe can be used to delineate taxonomically distant bacterial. The present study was therefore undertaken to identify rRNA gene restriction patterns which will recognise the subgroups of F. nucleatum for subsequent use in studies of human oral ecology.
MATERIALS AND METHODS

Cultures and cultivation
Strains used in the present study were initially characterised by biochemical tests [3] and DNA-DNA hybridization experiments [10] . They were previously assigned to F. nucleatum subgroup Fn-1 (ATCC 25586, 1319, 1336, 28, 11, M287, 33 and 78), Fn-2 (338, 1406, 1445, 1446, 339, 708, and 720) and Fn-3 (L45, F24 and 010) by electrophoretic patterns of GDH and OGR [10] . Apart from the type strain, all strains were recent human oral isolates. Cultures were maintained by weekly subculture on 2.5% (v/v) blood agar plates at 37°C in an atmosphere of 10% (v/v) CO 2 and 20% (v/v) H 2 in N 2.
Isolation and purification of DNA
Cells from two, 3-day-old plates were harvested, washed and suspended in 2 ml TES buffer (0.05 M Tris-HCl, 0.005 M EDTA, 0.05 M NaCI, pH 8.0) and 100 #1 lysozyme (Sigma, Poole, U.K.) (10 mg/ml) added. After leaving on ice for 15 rain, 1 /~1 diethylpyrocarbonate was added, followed by Proteinase K (BDH, Essex, U.K.) and RNase (Sigma) to a final concentration of 50/~g/ml each and the mixture incubated at 65 °C for 1 h. Lysis was achieved by the addition of SDS (20% w/v) to a final concentration of 2% (v/v) and the incubation continued for a further 10 min. Proteins were denatured and removed by three extractions times with an equal volume of phenol/ chloroform/isoamyl alcohol (25 : 24 : 1, v/v), once with chloroform/isoamyl alcohol (24:1, v/v and finally once with chloroform. DNA was precipitated by the addition of ice-cold absolute ethanol, spooled out, washed with 70% (v/v) ethanol, air dried then redissolved in TE buffer (0.01 M Tris-HCI, 0.001 M EDTA, pH 8.0) and stored at -20°C.
Probe isolation and labelling
The 1.5 kilobase pair (kbp) BclI-BstE II fragment from the plasmid pKK3535 [14] which contained the majority of the gene coding for an E. coli 16S rRNA gene was used as DNA probe. It was separated on low melting point agarose and labelled using the oligonucleotide primer extension method of Feinberg and Vogelstein [15] incorporating 32p-dCTP. The labelled nucleic acid was separated from unincorporated low molecular weight material by spun column chromatography [161.
Restriction endonuclease digestion and agarose gel electrophoresis
Chromosomal DNA (3-4 /zg) was digested to completion with the restriction endonucleases EcoRI (New England Biolabs, Massachusetts, U.S.A.) and TaqI (Northumbria Biologicals Limited, Northumberland, U.K.) according to the manufacturers instructions. The restriction fragments were separated by electrophoresis through 1% (w/v) agarose gels at 1 V/cm. for 18 h in Tris-borate buffer containing 0.5/~g/ml ethidium bromide [16] . Lambda DNA digested with HindIII was used as a molecular weight marker. The gel was photographed using the Polaroid MP4 system with 665 film.
Southern blotting and hybridization
Gels were sequentially soaked in 1.5 M NaC1, 0.5 M NaOH for 40 min followed by 1.5 M NaCI, 0.5 M Tris-HC1, 1 mM EDTA for 40 min and blotted [17] on Hybond-N nylon membrane (Amersham, Amersham, U.K.), the blotted DNA was covalently attached by baking at 80 °C for 2 h. A prehybridization step was carried out for 1-3 at 65 ° C in a solution containing [5 x SSC(1 x SSC is 0.1 M NaCI, 0.015 M trisodium citrate), 5 x Denhardts's solution (1 x Denhardt's is 0.02% (w/v) BSA, 0.02% (w/v) Ficoll and 0.02% (w/v) polyvinyl-polyppyrollidone), 0.5% (w/v) SDS and 20 ttg/ml boiled salmon sperm DNA]. Dextran sulphate was added to 10% (w/v) and probe DNA added to 5 x 105 c.p.m./ml (denatured by boiling for 3 rain) and hybridization continued for a further 18 h at 65°C. Following incubation the membranes were washed twice at 65 ° C in 2 x SSC, 0.1% (w/v) SDS followed by two washes at 65°C in 0.2 x SSC and 0.1% (w/v) SDS, each wash being 15 min duration. Membranes were wrapped in Saran wrap and exposed to photographic film (Kodak XAR5) at -70 °C for 1-3 days.
DNA fragment size estimation
The molecular size (in kbp) of restriction fragments was calculated using a modified program of Duggleby et al. [18] using HindIII cleaved DNA as a marker.
RESULTS AND DISCUSSION
The three subgroups of F. nucleatum designated Fn-1, Fn-2 and Fn-3 were recently shown to contain high DNA-DNA homology (70-90%) using the type strain ATCC 25586 as the reference DNA probe under stringent conditions of hybridization [10] . However, reciprocal hybridization experiments with reference DNA from subgroup Fn-3 showed a lower affinity with both subgroups Fn-I (69±80%) and Fn-2 (60-83%). This subgroup was the least frequently isolated from clinical samples and studies are now in progress to determine its site specificity. Each subgroup was readily recognised by its characteristic electrophoretic pattern of GDH and OGR [10] but was otherwise indistinguishable by conventional bacteriological tests.
In the present study, chromosomal DNA of well characterised representatitive strains from each subgroup of F. nucleatum was tested initially for cleavage with suitable restriction enzymes. DNA was digested separately with several different restriction enzymes such as HindIII, PstI, BamHI, EcoRI and TaqI, the fragments separated by electrophoresis and probed with the E. coli 16S rRNA gene. Fig. 1 shows the rRNA gene restriction patterns of DNA from representative strains of subgroup Fn-2 which were digested with EcoRI or TaqI. In preliminary studies, both these enzymes produced different patterns of hybridized DNA fragments but clearly delineated the three strains (1445, 1446 and 338) to the same cluster. Thus three major bands of 3.0, 5.2 and 14.3 kbp were evident with EcoRI whereas five major bands~ between 1.7-14.3 kbp were observed with TaqI (Fig. 1) . Because of the better distribution of bands over the gel with TaqI-digested DNA, this enzyme was used for all further studies. In subsequent electrophoresis, the time was reduced by approximately 2 h to allow identification of lower molecular fragments (ca. 0.5-0.65 kbp) which were common to strains of all subgroups (Fig. 2) Fig. 2 . Heterogeneity in F. nucleatum has long been reported [10, [19] [20] [21] . Soluble protein [19] or SDS-polypeptide analysis [22] revealed such diversity within the species that attempts were not made to cluster strains. Similar complexity was recently reported by pyrolysis mass spectrometry [4] . Other methods such as DNA base compositions [8, 19, 20] , cellular fatty acid analysis [5] or peptidoglycan composition [6, 7] failed to detect any intraspecies heterogeneity. While DNA-DNA homology is still not decisive [10, 20] , other methods such as enzyme electrophoretic patterns [10] indicate that within F. nucleatum, there is evidence of considerable phenotypic diversity. Recognition of this diversity may help identify the association between particular 'biotypes' from both healthy and diseased sites. In a preliminary study, we compared the profiles of DNA fragments digested with different restriction enzymes directly after electrophoresis [23] . While these restriction enzyme patterns were useful for clustering of isolates, the method used was too cumbersome and the patterns produced too complex for routine use. The present method, now used widely for studies of other bacteria [11, 13, 24] , is simple and reliable and concurs with the enzyme electrophoretic patterns [10] . However, preliminary studies indicate that other subgroups may be recognised by these probes and more isolates from both healthy and diseased sites are currently under examination.
